3VA A uation

Manual of measuring instruments
for the evaluation of AAL solutions

©® ® O KARNTEN
® 000 University of
@® @ Applied Sciences




3vAALuation

Manual of measuring instruments
for the evaluation of AAL solutions

Customers:

"= Federal Ministry
Republic of Austria F F G
Climate Action, Environment,
Energy, MObi“ty, Promoting Innova tion.
Innovation and Technology

Created by project consortium:

Project lead:

Julia Himmelsbach & Stephanie Schwarz

AIT Austrian Institute of Technology GmbH, Center for Technology Experience,
Giefinggasse 2, 1210 Wien

Project partners:

Albert Luger, Birgit Aigner-Walder Johannes Oberzaucher, Anna Lototska, Stephanie Putz
Carinthia University of Applied Sciences, Institute for Applied Research on Ageing (IARA)
EuropastralRe 4, 9524 Villach

December 2021



Eva Aluation

The research and development of age-appropriate assistance systems for a self-determined
life have become much more important in recent years. This is due to demographic develop-
ments which are characterized, for example, by a strong increase in the proportion of people
over the age of 65 in the population and by increasing urbanization. In this context, Ambient or
Active Assisted Living (AAL) products and services are intended to contribute to the increase
or maintenance of the quality of life of older and aging people so that they can lead an auton-
omous and self-determined life for as long as possible.

The application areas of AAL are diverse and range, for example, from health, care, housing,
buildings, mobility, or transport to work as well as leisure and culture. There is primary (e.qg.
end users), secondary (e.g. care and support organizations), and tertiary interest (e.g. political
decision-makers) in the comprehensive implementation of AAL. To date, however, such solu-
tions have not yet been established in everyday life or are still in the test phase. For this pur-
pose, scientifically substantiated evaluation results are needed that show whether AAL solu-
tions have an additional value and what concrete additional value they have, as well as appro-
priate valid and reliable data collection approaches. However, AAL-specific measuring instru-
ments that address the specifics of the target group and technologies are not yet available.
There is also no uniform understanding regarding the constructs to be measured, which makes
it difficult to compare results.

Against this background, the studies “EvAALuation? - Development of measuring instruments
for the proof of the effectiveness of AAL solutions”, funded within the “benefit” program, and
“3vAALuation - Development of Standardized Measuring Instruments for the Assessment of
AAL Technologies” pursued the objective of developing concrete instruments for the evaluation
of the effects and effectiveness of AAL solutions and thus build on the preliminary project
“EvAALuation”. As regards content, the focus is on the application areas of health, care &
support as well as being active & human potential. These fields of the application make it
possible to demonstrate the versatility of AAL solutions and allow a concrete operationalization
for the measurement of effects and efficiency enhancement. The developed instruments are
characterized by a multi-perspective approach as well as high practicability to motivate the
application. The measuring instruments were generated through an iterative process which
included a workshop with relevant stakeholders, expert interviews, and qualitative as well as
quantitative pre-tests for validation and reliability examination.

The result exists in the form of this manual in which relevant measurement instructions for the
evaluation of AAL solutions are described. These iteratively developed and validated measur-
ing instruments are divided into reactive data collection through questionnaires and non-reac-
tive methods that describe detailed instructions for the collection of relevant key figures. The
reactive method descriptions contain, among other things, instructions on the use of question-
naires and the avoidance of process errors, instructions for test persons on how to answer
questions and evaluation notes, while non-reactive measurement instructions describe rele-
vant data sources, measurement objects, measurement times, and measurement modes. Fur-
thermore, we highlight national differences and draw attention to methodological implications
of cross-national studies.
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Preface 3VA Aluation

This handbook was developed within the framework of the R&D service “EvAALuation? - De-
velopment of measuring instruments for the proof of the effectiveness of AAL solutions”, com-
missioned as part of “ICT of the Future: benefit — Opportunity through Demographic Change”
by the Austrian Research Promotion Agency (FFG) and the Federal Ministry for Climate Action,
Environment, Energy, Mobility, Innovation and Technology (BMK, formally known as BMVIT)
as well as the directly commissioned project “3vAALuation — Development of standardized
measuring instruments for the assessment of AAL technologies” funded by the Austrian Re-
search Promotion Agency (FFG) and Federal Ministry for Climate Action, Environment, En-
ergy, Mobility, Innovation, and Technology (BMK).
The aim of the study conducted by the Center for Technology Experience of the AIT Austrian
Institute of Technology and the Institute for Applied Research on Ageing (IARA) of the Carinthia
University of Applied Sciences (CUAS) was to further develop EvAALuation based on the in-
dicator set also commissioned within the “benefit” program. In EvAALuation, the AIT Austrian
Institute of Technology, the Carinthia University of Applied Sciences, and Solgenium devel-
oped a comprehensive set of indicators to record the effects of AAL technologies on a subjec-
tive, institutional and social level. The set shows which indicators can be used to operationalize
vitality and quality of life goals, social goals, social system goals, economic and innovation
goals as well as design and technology goals. In EvAALuation? and 3vAALuation, concrete
measuring instruments for the evaluation of AAL solutions have now been developed, focusing
on three concrete application areas - health, care & support, and being active & human poten-
tial. These application examples show the versatility of AAL products and services and allow
concrete operationalization proposals at the same time. The developed instruments are char-
acterized by a multi-perspective approach, i.e. the inclusion of subjective, institutional, and
societal levels, and practicability through precise application instructions in order to motivate
the use in practice and to enable comparability of the assessment of AAL products and ser-
vices. This handbook is aimed at all persons involved in the evaluation of AAL systems. Ac-
cordingly, the presentation strives to be understandable also for those who do not have exper-
tise in the field of methodology, but nevertheless to provide all relevant subject-specific infor-
mation. In particular, the application examples are intended to make it easier for interested
parties without in-depth knowledge to understand the possible uses of the instruments.
Compliance with qualitative standards of the developed questionnaires and survey instructions
took place in the form of an iterative procedure and through the inclusion of AAL users, experts
and stakeholders, whom we would like to thank at this point for their time, cooperation, and
valuable advice. Furthermore, we would like to thank Dr." Gerda Geyer, Dipl.-Phys. " Kerstin
Zimmermann and Mag.? Verena Mussinig for their support in the context of the implementation
of the project.

The results of the EvAALuation study can be accessed here:

The results of the EvAALuation? study can be accessed here:
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https://www.ffg.at/sites/default/files/allgemeine_downloads/thematische%20programme/IKT/evaaluation_handbuch_final.pdf
https://www.ffg.at/sites/default/files/allgemeine_downloads/thematische%20programme/IKT/evaaluation_handbuch_final.pdf
https://www.ffg.at/sites/default/files/allgemeine_downloads/thematische%20programme/Energie/EvAALuation2_D4.2_Handbuch_final.pdf
https://www.ffg.at/sites/default/files/allgemeine_downloads/thematische%20programme/Energie/EvAALuation2_D4.2_Handbuch_final.pdf
https://www.ffg.at/sites/default/files/allgemeine_downloads/thematische%20programme/Energie/EvAALuation2_D4.2_Handbuch_final.pdf

Introduction 3VvA A luation

Interest in the practical and comprehensive implementation of Ambient Assisted Living (AAL)
products and services is manifold. However, the additional value of these solutions has not yet
been sufficiently empirically verified, and measuring instruments specifically developed for the
evaluation of AAL systems are not yet available. In detail, there is a lack of instruments that
are both appropriately designed for the user group of older people (“target-population appro-
priate” instruments) and that can record AAL-specific measurement goals (“intervention-
adapted” instruments). Furthermore, the existing instruments do not take into account the spe-
cifics resulting from the experimental and/or trial introduction of assistive technologies (“pro-
cess-adapted” instruments). Concerning the temporal component, appropriate evaluation pro-
cesses in their simplest form can be subdivided into the following process elements: resource
input (e.g. costs for the development of AAL solutions), implementation, outcome, i.e. direct
results generated by the implementation (e.g. improvement in quality of life) and effects, i.e.
indirect changes resulting from the implementation (e.g. potential savings in the publicly fi-
nanced health care system). Accordingly, relevant data for the evaluation of AAL solutions are
to be collected at the appropriate point in time; a subsequent determination of relevant indica-
tors is in many cases only conditionally or not possible. The process elements mentioned do
not usually run linearly and it is necessary to take possible feedback processes into account
(Kellog Foundation 2001). In concrete terms, this means that, for example, improvements of
the solutions are subsequently made based on newly gained knowledge during the implemen-
tation of AAL solutions.

The research projects EvAALuation? and 3vAALuation, carried out by the Center for Technol-
ogy Experience of the AIT Austrian Institute of Technology and the Institute for Applied Re-
search on Ageing (IARA) of the Carinthia University of Applied Sciences, thus aimed at sup-
porting evaluations by including subjective, institutional and societal perspectives through the
provision of practicable measuring instruments. The main focus was on the application areas
of health, care & support as well as being active & human potential.

The study “EvAALuation - Development of a set of indicators for the measurement of effects
and efficiency enhancements of AAL solutions” (Himmelsbach et al. 2017), funded by the Aus-
trian Research Promotion Agency (FFG) and the Federal Ministry for Climate Action, Environ-
ment, Energy, Mobility, Innovation and Technology (BMK, formally known as BMVIT) as part
of the “benefit” program, served as the basis. The process of developing the scientific solution
approach follows the total survey error approach. This approach primarily considers possible
sources of error in data collection and resulting quality standards, in particular objectivity, reli-
ability, validity, and practicability. Validity was ensured mainly through expert interviews and a
cognitive pre-test with the target group. After a new iteration of the measuring instruments,
evidence on the interpretation of the measured values, especially the reliability of these inter-
pretations, was generated in a quantitative pre-test through questionnaires and experimental
surveys. These insights are also incorporated into the process description and thus ensure
objectivity through standardization.
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Part A provides an insight into how the final measuring instruments of this handbook were
developed within the framework of the EvAALuation? and 3vAAluation studies. In the following,
a brief outline of the methodology and the basic principles of the approach as well as insights
into various interim results are presented.

EvAALuation? aims to operationalize the comprehensive findings of the preliminary project
EvAALuation. The overarching goal is to transfer the indicator set for determining the effects
and efficiency enhancements of AAL solutions into evaluation practice. For this purpose, the
set of indicators already developed will be expanded, on the one hand, by a temporal compo-
nent in the context of the development and implementation of AAL solutions. On the other
hand, it is necessary to develop a uniform evaluation standard for age-appropriate assisting
systems, which will enable comparability between AAL solutions in the future first place. In so
doing, concrete measuring instruments, including reactive and non-reactive data collection
procedures for the evaluation of AAL solutions on a subjective, institutional and societal level,
will be developed on the basis of the EvAALuation indicator set.

Reactive data collection procedures are characterized by the fact that data are obtained as a
reaction to a research action, e.g. interviews, while non-reactive procedures use, process-pro-
duced data or behavioral traces, for instance, and thus avoid specific behavioral effects, such
as interviewer effects (Diaz-Bone & Weischer 2015). 3vAALuation gives recommendations on
the choice of survey procedures, whereby concrete survey instructions were developed in the
area of non-reactive procedures and concrete question and answer items for standardized
surveys in the area of reactive data. In addition, instructions on how to use the instruments,
notes on how to avoid process errors, and data evaluation and interpretation notes are availa-
ble.

In EvAALuation? and 3vAALuation, the research results from EvAALuation, where potential
indicators for the evaluation of AAL solutions had been developed (Himmelsbach et al. 2017),
were operationalized (see Fig. 1).
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Figure 1: Classification of EVAALuation2 and 3vAALuation within a logical model

In EvAALuation? and 3vAALuation, the operationalization of an indicator was performed by
means of the work step that includes making theoretical relationships measurable in practice
through appropriate measurement tools. The operationalization of an indicator consists in
specifying how the issues it describes can be measured (Schnell et al. 1999). For example,
body height can be operationalized by the instruction “measurement by means of a metrestick”,
whereby the “metrestick” represents the necessary measuring instrument (Meyer 2004). The
operationalization of the indicator set thus contains instructions for relevant indicator surveys
as well as associated measuring instruments.

In this regard, it should be emphasized that the focus was on specific areas of application
within the framework of the project. On the one hand, this is due to the fact that not all indicators
are relevant for each AAL product. On the other hand, the definition and the survey method of
an indicator also differ depending on the area of application (e.g. contacts to mobile services,
24-hour care). Under the premise of developing practical instruments, the focus should there-
fore be placed on a selection of application areas. The selection of application areas thereby
followed the requirement to include the range of AAL solutions without neglecting AAL-specific
core areas. Based on the analysis of AAL tender texts (Himmelsbach et al. 2017), health as
well as care & support could be identified as core areas. The relevance of the selection of
these application areas is also strengthened by the further increase in healthcare expenditure
as a result of the aging population and new diagnosis and therapy methods (OECD 2016). In
addition, the area of application “being active & human potential” was selected because, on
the one hand, it reflects versatile images of age(ing), also beyond deficit orientations and a
focus on physical aspects of age(ing), and explicitly takes into account a need for inclusion
and, on the other hand, is of increasing economic relevance.
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The process of developing the scientific solution approach followed the total survey error ap-
proach, which addresses in particular possible sources of error in data collection and the re-
sulting quality standards (Faulbaum 2014). This is supposed to ensure the implementation of
central quality criteria such as objectivity, reliability, validity, and practicability. Table 1 provides
an overview of the quality criteria that constituted the focus of interest in the respective work
step:

v" Relevance, simplicity, comparability
Validation workshop v" Completeness, relevance, practicability
v' Relevance, practicability, validity
Expert interviews and cognitive pre-testing v' Validity, relevance

Revision v' Completeness, clarity, relevance, validity

Expert interviews and trial tests and quantitative pre-test

. Practicability, validity, reliability
of reactive data

v" Minimization of process errors, objectivity
through standardization

v' Practicability, transparency

In the first step, the indicators for the respective areas of application were selected and a def-
inition was developed, which guided the further operationalization. On the basis of a validation
workshop with representatives of the stakeholder groups, these results were reviewed and
revised in order to subsequently determine for which indicators a reactive or non-reactive sur-
vey was suitable. The development of the concrete instruments followed an iterative approach.
Expert interviews and pre-tests contributed to quality assurance and the avoidance of system-
atic measurement errors. In addition, based on these findings, precise instructions for the ap-
plication of the measuring instrument and the interpretation of the data were developed. In this
way, objectivity was addressed through standardization.

As already mentioned above, the validity of a measuring instrument is one of the central quality
criteria that enables statements about the extent of validity of the construct to be measured.
Validity was ensured primarily through expert interviews and cognitive pre-tests. In the devel-
opment process, it was precisely documented how the measuring instrument is to be used
and, above all, how the collected data can be interpreted. This step will be clarified in the
description of the case studies.

In addition to the validity of the measuring instrument, reliability must also be ensured, i.e.
results must be reliably and steadily reproducible in repeated measurements. A number of
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The first essential step in the development of the measuring instrument was the selection of
the indicators to be operationalized for the areas of application. First of all, literature-based
definitions were formulated for the respective application areas. After revision based on the
feedback from the stakeholders, the following definitions were created:

This area of application includes products and services that determine the state of
physical, mental, and social well-being and contribute to its maintenance and restoration. The
focus here is on the measurement of body and vital data, diagnosis, disease prevention, and
treatment of diseases (based on WHO 2014 and Leitner et al. 2015).

: This area of application includes products and services that support and
promote the autonomy of individuals who, over a longer period of time, require assistance to
perform basic daily activities due to their age, disability, illness, or impairment. This also in-
cludes such products and services that are granted to the person or for the person who pro-
vides such assistance (based on European Commission 2016, quoted from Ministry of Social
Affairs 2016).

: The field of application includes products and services that
promote paid and unpaid activity and bring the activity environment in line with personal needs.
These activities contribute to lifelong learning, social inclusion, and self-fulfillment in the form
of meaningful activities and enable older people to design and develop (based on Stirn 1980
and Leitner et al. 2015).

In the next step, the indicators relevant for the application areas were identified on the basis
of the TAALXONOMY references in the EvAALuation set of indicators.

The TAALXONOMY can be accessed here:

In addition, an initial assessment was made of which variables can be used to make the con-
structs empirically tangible. In particular, the relevance, the applicability with regard to temporal
framework conditions as well as the survey at micro or meso level, the simplicity of the indica-
tors, and the comparability were taken into account. For the selected indicators, extensive
literature research was carried out afterward. For this purpose, it was worked out in detail what
is to be understood by the respective main indicators (e.g. autonomy and self-determination,
life satisfaction) in the context of AAL or the specific areas of application. On the basis of
literature and the foundations laid in the context of EvAALuation, a conceptual precision in the
form of a nominal definition was developed. This ensures that there is a basic understanding
of the meaning of the main indicators (Stein 2014). It was also determined which directly ob-
servable variables or (sub)indicators can be used to measure the constructs.

8
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The English items were developed based on German EvAALuation? items. Details of the pro-
cess and results of the item analysis can be found in the respective manual.” Like the German
items, the English items conform to the following defined rules (Atteslander 2006):

(1) The items record effects indirectly, i.e. they measure the status quo in order to be suit-
able for pre-post comparisons, analyses of changes over time, and for experimental
designs with control groups.

(2) The target population consists of older people who are addressed by AAL solutions
and whose (a) health, (b) care and support situation, or (c) being active is to be sup-
ported (“primary users”).

(3) For the response items, five-point Likert scales are preferred in order to provide a me-
dium form of response (neutral or “neither”). Therefore, the options “no opinion” or “I
don't know” can be omitted, since respondents can use these forms as a neutral escape
category if they cannot or do not want to answer questions.

(4) Verbalised scales, i.e. naming all scale points, are preferred to naming only the end
points.

(5) In accordance with the preferred use of Likert scales, “I” phrases are used for the items
if possible.

German items were generated by two researchers, reviewed by a third researcher, iterated in
a cognitive pre-test with two older adults, and revised. Next, a quantitative pre-test was con-
ducted to generate empirical evidence for the quality of the measuring instruments and their
potential for generalizing interpretations or general measurement interpretation evidence.
Three items were removed from the questionnaires due to insufficient characteristic values.
As a next step, a professional translator translated the items to English. An independent person
not familiar with the EvAALuation project series translated the items back to German to ensure
the accuracy of the translation. The research team reviewed all variations in the translations
and classified them into (a) word order variations, (b) synonyms, and (c) content statement
variations. If there were any ambiguities, we consulted with the professional translator. Dis-
crepancies in content statements have been corrected and discussed again by the project
team.

Finally, the English items were again pre-tested. In detail, evidence on construct-related inter-
pretation was gathered through a review of the dimensional structure by means of principal
component analysis as well as evidence on reliability through a review of internal consistency
by means of Cronbach’s alpha and item-total correlations. The analysis of the data and the
revision of the questionnaires followed the requirement to keep the instruments as similar as

' See: Himmelsbach, J., Gerdenitsch, C., Schwarz, S., Neureiter, K., Garschall, M., Aigner-Walder, B., Luger, A.,
Ofner, R., Oberzaucher, J. (2019). EvAALuation2. Handbuch fiir Messinstrumente zur Bewertung von AAL Lésun-
gen. Wien, Villach. Retrieved from https://www.ffg.at/sites/default/files/allgemeine_downloads/thematische pro-
gramme/Energie/EvAALuation2_D4.2_Handbuch_final.pdf
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possible across the application areas, thus also allowing comparative analyses. This was
largely successful for subscales relevant for all application areas; only the vitality and QoL
domain shows larger differences in dimensionality.

The questionnaire on health was tested with 228 persons, the questionnaires on care & sup-
port with 79 persons, and on being active & human potential with 175 persons.

The quantitative pre-test showed an average processing time of 11 minutes and 30 seconds
(SD = 07:05) for the questionnaire on health, 15 minutes and 49 seconds (SD = 10:36) for the
questionnaire on care & support and 11 minutes and 07 seconds (SD = 11:37) for the ques-
tionnaire on being active & human potential.

Within the online study, which was conducted using Respondi (respondi.com), data were col-
lected from 228 English native speakers living in the United Kingdom with the native language
of English. Participation in the study was voluntary. For this sample, reading glasses and digital
calendars were given as examples of assistive devices and technology in the formulation of
the items.

The sample consisted of 117 female persons, 110 male persons, and 1 non-binary person with
a mean age of 69.84 years (SD = 6.26). All but one respondent (99.56%) stated that they use
smartphones, computers, PCs, or similar devices on a daily basis; one person uses such de-
vices on a monthly basis.

Item parameters were calculated on the basis of this sample and are presented in the following
table. Specifically, mean values, standard deviations, and item-total correlations are shown
here and the reliability (Cronbach's alpha) for the scales is specified. One item (AOH4 “| am
willing to make use of health services”) has been removed due to low reliability. The reliability
values of the final item set range from 0.334 to 0.887 for item-total correlations and 0.560 to
0.994 for Cronbach's alpha.

11



PART A — Description of the Method Development Process 3vaAuation

Within the online study, which was conducted using Respondi (respondi.com), data were col-
lected from 79 English native speakers living in the United Kingdom. Participation in the study
was voluntary. For this sample, reading glasses and digital calendars were given as examples
of assistive devices and technology in the formulation of the items.

The sample consisted of 34 female persons and 45 male persons with a mean age of 66.45
years (SD = 5.39). The majority of respondents (94.94%) stated that they use smartphones,
computers, PCs, or similar devices on a daily basis; two persons (2.53%) uses such devices
on a weekly basis; two persons (2.53%) uses such devices less frequently than monthly or
never.

Item parameters were calculated on the basis of this sample and are presented in the following
table. Specifically, mean values, standard deviations, and item-total correlations are shown
here and the reliability (Cronbach's alpha) for the scales is specified. One item (AOH4 “I am
willing to make use of health services”) has been removed due to low reliability. The reliability
values of the final item set range from 0.232 to 0.896 for the item-total correlation. In detail, the
item PUX1 is beyond the threshold of .300 but the item was not deleted due to relevance to
the construct (ease of use for pragmatic UX). However, we recommend rechecking the relia-
bility of the scale before analysis. Cronbach's alpha of all items ranges from 0.678 to 0.942.
Furthermore, we removed two scales (perception of safety and self-esteem) as well as the
items SRA4-9 of subjectively relevant activities due to diffuse component loadings. We assume
that the subjective relevance and quality of the specific activities vary too much to include them
in one scale. We, therefore, recommend not including activity 2 (SRA4-6) and activity 3 (SRA7-
9) in the scale values, but descriptive analyze these items. Nonetheless, these items may be
useful to gain better insight as it is highly unlikely that older people receiving care or support
consider only one activity alone to be central.

v SO el Crooas
Access & offer healthcare .871
AOH1 3.18 1.27 773

AOH5 3.68 1.18 773

Affordability of healthcare .685
AH2 3.00 1.06 .524

AH3 2.48 1.20 .524
Age(ing)-related self-image .740
ARSI 3.41 1.06 .586

ARSI2 3.27 1.09 .574

ARSI3 2.66 1.10 .536
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PART A — Description of the Method Development Process 3vaAluation

Within the online study, which was conducted using Respondi (respondi.com), data were col-
lected from 176 English native speakers living in the United. Participation in the study was
voluntary. For this sample, reading glasses and digital calendars were given as examples of
assistive devices and technology in the formulation of the items.

The sample consisted of 87 female persons and 89 male persons with a mean age of 65.18
years (SD = 5.13 The majority of respondents (96.59%) stated that they use smartphones,
computers, PCs, or similar devices on a daily basis; each two persons (1.14%) uses such
devices on a weekly or monthly basis; two persons uses such devices less frequently than
monthly or never.

Item parameters were calculated on the basis of this sample and are presented in the following
table. Specifically, mean values, standard deviations, and item-total correlations are shown
here and the reliability (Cronbach's alpha) for the scales is specified. One item (AOH4 “| am
willing to make use of health services”) has been removed due to low reliability. The reliability
values of the final item set range from 0.373 to 0.864 for item-total correlations and 0.702 to
0.934 for Cronbach's alpha.

tem M D comelation  Alpha
Age(ing)-related self-image .730
ARSI 3.89 0.87 575

ARSI2 3.81 0.90 D75

Autonomy & self-determination .805
AS1 4.68 0.59 682

AS2 4.73 0.54 .765

AS3 4.56 0.78 .582

Digital inclusion .885
DI1 4.18 0.81 758

DI2 4.1 0.95 787

DI3 4.25 0.84 798

Health control and competence .844
HCS1 4.32 0.82 650

HCS2 4.14 0.83 770

HCS3 4.22 0.80 .698

HCS4 3.84 1.01 .568

HCS5 4.16 1.06 471

HCS6 4.09 0.85 673

Ie-lsgeon/c user expetri 887
HUX1 3.05 1.09 .798

HUX2 3.01 1.13 .798
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PART A — Description of the Method Development Process 3vaAuation

The methodological approach of EvAALuation? is characterized by approaches of the iterative
development of concrete measuring instruments for the evaluation of AAL solutions. In addition
to the questionnaire surveys on reactive data described above, which are obtained as a reac-
tion to a research action among older/aging people, measuring instructions for non-reactive
data were developed. These non-reactive methods make use of, for example, process-pro-
duced data, covert observations, content analyses, etc., whereby specific behavioral effects
such as interviewer effects can be avoided (Diaz-Bone & Weischer 2015).

The quality features of the iterative development of the non-reactive measuring instruments
were ensured through several processing steps, i.e. a comprehensive literature analysis, in-
ternal validation loops as well as interviews with competent and practice-oriented experts in
two loops. This continuous process served to ensure appropriateness, completeness, and
practicality.

With regard to the practical application, the determination of the survey process takes place
by taking into account the time perspective. This ensures that all relevant parameters are rec-
orded in the time sequence of a project test. In addition, the application areas of health, care
& support as well as being active & human potential are of relevance, depending on which
the relevant measurement parameters as well as the surveys of the same can differ in the
course of the evaluation.

Within the framework of the comprehensive literature research, existing AAL projects were
analyzed regarding applied non-reactive evaluation procedures. These are tests published
within the framework of the Europe-wide programme AAL - Active and Assisted Living Pro-
gramme of the AAL Association (AALA) and the national funding program ICT of the Future:
benefit — Opportunity through Demographic Change of the Austrian Research Promotion
Agency (FFG). Additionally, relevant methodological documents were researched, which for-
mulate guidelines for the collection of data or give information on potential difficulties. These
also include definitions of basic concepts as well as classifications such as different R&D cost
types (based on OECD 2015). Particularly with regard to the cost parameters, it must be
pointed out that these are relevant for an overall evaluation of the AAL solution and must be
considered in relation to further effects.

Drawing on this in terms of content, internal project coordination processes and revision loops
took place to create a concept for the presentation of the measuring instructions, which con-
tains the following relevant basic information:

Definition: The exact definition of the indicator to be surveyed was included in the measuring
instructions in order to either clearly distinguish or combine supposedly similar or syn-
onymously used terms. The definitions must be as simple and universally defined as
possible so that potential users can understand and use them immediately.

Data source: Information on the potential data source serves to obtain possible conclusions
about data availability. Possible data sources for determining non-reactive data in the
context of AAL are, for example, the providers or developers of an AAL product or an
AAL service. In addition, statistical offices or the users themselves can be relevant,
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Part B presents the developed instruments separately for the areas of health, care & support
as well as being active & human potential. First, the scope of application is defined in order to
subsequently describe the operational definitions of the individual indicators and sub-scales.
Afterward, the reactive instruments, i.e. the questionnaires, for the respective application area
as well as the survey instructions for the non-reactive key figures, which are not collected
through surveys, are presented.

Public administration and finance schemes are of particular interest for health and care, espe-
cially concerning the ongoing process of implementing eHealth, digital health, Ambient As-
sisted Living or Active & Assisted Living (AAL) solutions and technologies in our daily lives. Its
importance will remain stable or increase even more as health and care systems become more
complex due to aging societies. In total, in 2020, 16 countries were part of the AAL Programme.
These are predominantly located in Europe, but Canada and Taiwan are also joining. The
multinational approach creates a diverging social, economic and legal environment and there-
fore varying underlying conditions for the successful implementation of technologies, services,
and products. For this reason, this chapter deals with national frameworks of the European
AAL Programme countries of 2020. There is a special and spatial (in regard to the regions)
interest in the costs and funding schemes, health and care system typologies, differences in
the scale and scope of urban and rural development, but also legal (especially data protection)
and ethical issues for new techniques, as those are relevant for its successful and extensive
introduction.

Economic situations and spending on health care vary among European AAL countries (see
Table 23. Similarly, curative care and rehabilitative care per capita and long-term care per
capita and their corresponding growth rates (2011-2019) for the mentioned countries differ
significantly (see Figure 2). For example, countries like Switzerland, Austria, Netherlands, and
Luxembourg have high per capita expenditures for curative care and rehabilitative care. On
the other hand, Romania, Poland, and Portugal have very high, sometimes double-digit, yearly
growth rates. For instance, in Romania, the annual growth rate was 20.4 % from 2016 to 2017
and 22.3 % from 2017 to 2018, although the starting level of per capita expenditures for cura-
tive care and rehabilitative care was very low compared to the European AAL Programme
countries.
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Table 23: GDP and expenditure on health in European AAL Programme countries of 2020, 2018
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Total health expenditure
Public health expenditure
(% of Total health expenditure)
Private health expenditure
(% of Total health expenditure)
Public health expenditure
Private health expenditure

Total health expenditure per capita

Austria 51,453 5,326 10.3 73.1 26.9 7.5 2.8
Belgium 47,555 4,913 10.3 75.8 24.2 7.8 2.5
Cyprus 29,089 1,954 6.8 43.2 56.8 2.9 3.8
Hungary 16,411 1,082 6.7 69.1 30.9 4.6 2.0
Italy 34,609 2,989 8.7 73.9 26.1 6.4 23
Luxembourg | 116,597 6,227 53 86.3 13.7 4.5 0.7
Netherlands 53,019 5,307 10.0 64.9 35.1 6.5 3.5
Norway 82,268 8,239 10.0 85.3 14.7 8.6 1.5
Poland 15,468 979 6.3 711 28.9 4.5 1.8
Portugal 23,551 2,215 9.4 61.5 38.5 5.8 3.6
Romania 12,399 687 5.6 79.7 20.3 4.4 1.1
Slovenia 26,103 2,170 8.3 72.4 27.6 6.0 2.3
Spain 30,375 2,736 9.0 70.4 29.6 6.3 2.7
Switzerland 86,430 9,871 11.9 31.2 68.8 3.7 7.9

Source: World Bank DataBank (2021), own calculations and illustration

The relationship between public and private health expenditure is of special interest as there
is a broad range in European AAL Programme countries of 2020: Public health expenditure in
Luxembourg (86.3 %), Norway (85.3 %), and Romania (79.7 %) are the highest whereas Bel-
gium (75.8 %), Italy (73.9 %), Austria (73.1 %), Slovenia (72.4 %), Poland (71.1 %) and Spain
(70.4 %) are on a comparable medium level. Vice versa, a low percentage of public health
expenditure causes high private health expenditures. In Switzerland, 68,8 % of health expend-
itures are privately paid (versus 31,2 % publicly); almost the same applies to Cyprus (56.8 %
vs. 43.2 %). Moreover, in Portugal (38.5 % vs. 61.5 %), the Netherlands (35.1 % vs. 64.9 %),
and Hungary (30.9 % vs. 69.1 %), the share of private health expenditures in total health ex-
penditures is still high.

In 2013 and 2018, the European Commission analyzed the deployment of so-called eHealth
technologies by a quantitative empirical investigation among general practitioners within se-
lected countries of the European Union (2013 for the Netherlands only) and European Free
Trade Association (2013 for Norway only); no data available for Switzerland neither 2013 nor
2018.

38



3va A uation

PART B — Measuring Instruments

Figure 2: Curative care and rehabilitative care, 2010-2019 Figure 3: Long-term care, 2010-2019
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Austria has a Bismarck model of a health system based on general and compulsory social
insurance, i.e., social health insurance (SHI). It covers 99 % of the population (Berger 2017;
Lupianez-Villanueva et al. 2018).

Health & Care Provision in Austria

Because of the federalist structure and the system of compulsory insurance, numerous actors
from the different legislative and administrative levels and from the self-administration sector
(social health insurance (SHI)) are involved in health and care provision (BMASGK 2019).

The central government is responsible for the general health provision, funding, and legislation
of hospitals, while provinces are responsible for implementation and enforcement for hospitals
but also for the care and social issues; thus, care responsibility splits between the federal and
local governments as provinces should provide a minimum nationwide standard of long-term
care (LTC). Types of care are mobile care services, residential care facilities, part-time care
services, short-term care services in residential care facilities, and case & care management.
SHI carries out the provision of services in the extra-mural sector, medicines, medical goods,
and inpatient and outpatient rehabilitation (BMASGK 2019). Austria lacks gatekeeping and
offers unlimited access to health services. Patients can directly access nearly any inpatient or
outpatient specialist with no personal financial accountability (Hoffmann et al. 2019).

A government institution provides eHealth primarily focusing on electronic health records
(EHR) called ELGA, though also developing the health and care sector by improving the inte-
gration of technological solutions into the publicly-funded system. The Ministry for Labour, So-
cial Affairs and Consumer Protection has commissioned the computer application Pflegegeld-
information (PFIF; i.e., care allowance information) used by the Main Association of Austrian
social insurance institutions. Introducing PFIF strengthens and upgrades the existing system
(European Commission 2019a; Bachner et al. 2018; Brandstatter 2020; BMASGK 2019).

Please note the following non-reactive instruments for which Health & Care provision is of
great importance:

(see 115 in ,
page 168 in and page 222 in )
(see page 124 in , page 177 in and page 231 in
)
(see page 128 in , page 181 in and
page Fehler! Textmarke nicht definiert. in )
.
(see page 235 in )
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Belgium has a Bismarck health system model based on general and compulsory social insur-
ance. It covers 99 % of the population and organizes in five private, not-for-profit national as-
sociations of sickness funds (Berger 2017; Lupiafnez-Villanueva et al. 2018).

Health & Care Provision in Belgium

Because of Belgium’s federalist structure based on compulsory health insurance, jurisdiction
regarding health issues and regulation split between the national and provincial/regional level.
The central government (Ministry of Health) is in charge of general topics such as compulsory
health insurance, hospital budget, organization and regulation of health products, services,
professionals, and patient's rights. The National Institute for Health and Disability Insurance
manages compulsory health insurance (Gerkens and Merkur 2020).

The provision of health and care relies on the principles of independent medical practice, direct
access (no gatekeeping by general practitioners (GPs)), free choice of physicians and health
care facilities (including hospitals), and predominantly fee-for-service payment (European
Commission 2019a). Mainly the provision of health and care is a responsibility of the federal
government and its communities. The core principle of the Belgium health care system is an
independent medical practice with direct access to the service. In addition, medical specialists
can work on an ambulatory basis in private for-profit clinics (called extramural centers). As
these extramural centers do not comply with the strict licensing standards and criteria embed-
ded in the Hospital Law, they are no hospitals. Nevertheless, physicians must follow the deon-
tological rules and must guarantee the quality of care for their patients (Gerkens and Merkur
2020).

Care works via social service provision. Private nonprofit organizations offer formal care while
the state sets the framework and standards. Long-term care provisions are fragmented be-
cause of a division of competencies between the federal government (responsible for medical
care through the health and care system) and the communities (responsible for non-medical
care). Provided types of care are home care, day care, short-stay care, nursing care, and
personal care (European Commission 2019a; De Raedt 2021).

eHealth is promoted and supported by the government and is currently under further develop-

ment. Some realizations were fulfilled from 2013 to 2018, and the new eHealth 2019-2021
Action Plan was approved at the beginning of 2019 (E-gezondheid 2020).
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The Cypriot health system divides up two uncoordinated sub-systems of similar size: a public
and a private one. There is no implemented coherent framework matching particular public
and private healthcare services provisions, leading to inadequate and ineffective coverage.
The public system is highly centralized. Planning, organization, administration, and regulation
are in charge of the Ministry of Health (European Commission 2019a).

Health & Care Provision in Cyprus

Central government via the Ministry of Health is responsible for whole public health system
provision, legislation, management, and control. Privates health and care services cover a high
percentage of the health care sector. eHealth strategy is under development and implementa-
tion. The Ministry of Health and the Ministry of Labour, Welfare, and Social Insurance are
responsible for managing care issues. In addition, the government, local authorities, non-gov-
ernmental organizations (NGOs), and the private sector provide long-term social care services
(European Commission 2019a; Theodorou 2014; Theodorou et al. 2012; Wavestone 2019).

Please note the following non-reactive instruments for which Health & Care provision is of
great importance:

(see 115in ,
page 168 in and page 222 in )
(see page 124 in , page 177 in and page 231 in
)
(see page 128 in , page 181 in and
page Fehler! Textmarke nicht definiert. in )
(see page 235 in )

Financing & Reimbursement in Cyprus

In 2019, a fully e-based single-payer health system (NHS) was introduced. The Ministry of
Health is responsible for the budget suggestions to the Ministry of Finance, which asks the
Council of Ministers and Parliament for approval. Therefore, the financing is mainly state-
based (42.1 % of total healthcare spending in 2019); it is supported by contributions to health
insurance from civil servants and civil servant pensioners (14.4 %). However, people tend to
use private resources and pay out-of-pocket (30.6 %) to skip long waiting lines in public hos-
pitals, while the contribution of voluntary health insurance (VHI) is 5 %. General NHS's used
reimbursement scheme pre-assigns a percentage sub budget to different medical activities
(European Commission 2019a; Hammerschmid et al. 2018; Petrou 2021; Eurostat 2021b).
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Hungary applies a Bismarckian insurance model: the main feature is the right to benefits in
exchange for contributions. The health system is "in transition" (European Commission 2019a;
Lupiafnez-Villanueva et al. 2018).

Health & Care Provision in Hungary

The central government is responsible for providing health and care and social care organiza-
tions of national scope, whether regional governments are responsible for providing secondary
health care providers. The main principle is territorial responsibility, where municipalities are
in charge of primary care and county governments decide about specialist health care services.
Nevertheless, the responsibility for secondary and tertiary care splits up among different levels
of local and regional government. The state owns large multi-specialty county hospitals provid-
ing secondary and tertiary inpatient and outpatient care to the acutely and chronically ill (Gaal
et al. 2011).

The social care system has three main types of services: home care, daycare, and residential
care. However, the eHealth initiative is entirely under the central government via the Ministry
of Health, Family, and Social Affairs. Long-term (LTC) and care services are provided either
by the health care system or by the social care system, which federal and local governments
provide (Hammerschmid et al. 2018; European Commission 2019a; Gaal et al. 2011).

Covid-19 pandemic had a significant impact on adopting new technologies like telemedicine.
Services are defined as specific health services provided without personal consultation and
sharing of health data via encrypted communication, like diagnosis and therapeutic advice,
consultation, referrals to for further examinations by specialists, patient management tasks,
care services, providing therapy and rehabilitation, and prescribing medicaments and devices
(European Commission 2019a; Lupianez-Villanueva et al. 2018; Kovecses 2020; Gaal et al.
2011).

Please note the following non-reactive instruments for which Health & Care provision is of
great importance:

(see 115 in ,
page 168 in and page 222 in )
(see page 124 in , page 177 in and page 231 in
)
(see page 128 in , page 181 in and
page Fehler! Textmarke nicht definiert. in )
.
(see page 235 in )
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The ltalian National Health System (NHS) follows a model similar to the Beveridge model.
Therefore, taxes finance health and care coverage for the ltalian population to a large extent
(Nuti et al. 2012).

Health & Care Provision in Italy

According to the organizational setting of the Italian Health Care System, the Ministry of Health,
in agreement with the Ministry of Economy and Finance, defines general objectives and na-
tional policy priorities and the basic levels of health care treatments provided for free over the
national territory. Health and care systems are regionally organized based on the NHS. Re-
gions provide primary, specialist outpatient, and hospital care, health promotion, disease pre-
vention and rehabilitation, long-term nursing, and psychiatric care (European Commission
2019a; Ferré et al. 2014; Tediosi & Gabriele 2010).

The regions and local governments provide long-term care and social care services. Informal
carers provide caregiving to a large extent. This situation occurs in regions where public ser-
vices are less advanced and in families who cannot afford private services. Regions are in
charge of the health component of LTC via local health authorities. The social component of
LTC services includes a heterogeneous group of benefits, largely in kind, mainly provided at a
local level by municipalities, directly, or in an association. Stakeholders directly involved in
organizing LTC services are municipalities, local health authorities, nursing homes, and the
National Institute of Social Security (European Commission 2019a; Tediosi & Gabriele 2010).

The central government promotes eHealth initiatives. Current developments focus on increas-
ing online services, electronic health records (EHRs), and the digitalization of medical prescrip-
tions and certificates (Hammerschmid et al. 2018; European Commission 2019a; Ferré et al.
2014; Lupiafez-Villanueva et al. 2018).

Please note the following non-reactive instruments for which Health & Care provision is of
great importance:

(see 115 in ,
page 168 in and page 222 in )
(see page 124 in , page 177 in and page 231 in
)
(see page 128 in , page 181 in and
page Fehler! Textmarke nicht definiert. in )
(see page 235 in )
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Luxembourg applies a Bismarck health and care system model based on general and compul-
sory social insurance (Ministerio de Sanidad 2019; Lupiafiez-Villanueva et al. 2018).

Health & Care Provision in Luxembourg

The Ministry of Social Security supervises the public institutions funding health care, sickness
leave, and long-term care, while the Ministry of Family Affairs oversees long-term care facili-
ties, home care networks, and care services for disabled people (OECD 2019).

General practitioners (GPs) primarily working in private practices offer primary health services.
The state system covers the majority of treatments provided by GPs and specialists as well as
laboratory tests, pregnancy, childbirth, rehabilitation, prescriptions, and hospitalization (Euro-
pean Commission 2019a; HealthManagement 2010).

Organizing care splits up two entities. National Health Insurance manages the budget for LTC
services and decides about the care needed by LTC beneficiaries. The State Office for As-
sessment and Monitoring of long-term care insurance assess daily living activities and other
long-term care services and designs care plans (European Commission 2019a). The long-term
care law defines itself by four principles: priority to home care, priority to benefits-in-kind, pri-
ority to rehabilitation and prevention measures, and continuity of long-term caregiving (Euro-
pean Commission 2019a; OECD 2019).

Many eHealth initiatives and projects are developed and performed. Efforts like the national
eHealth plan and digital initiatives are ongoing (Hammerschmid et al. 2018; European Com-
mission 2019a; OECD 2019; Lupiafiez-Villanueva et al. 2018).

Please note the following non-reactive instruments for which Health & Care provision is of
great importance:

(see 115in ,
page 168 in and page 222 in )
(see page 124 in , page 177 in and page 231 in
)
(see page 128 in , page 181 in and
page Fehler! Textmarke nicht definiert. in )
(see page 235 in )
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The Netherlands has a Bismarck model health system based on general and compulsory so-
cial insurance (Ministerio de Sanidad 2019).

Health & Care Provision in the Netherlands

The organization and structure of public health services is a shared responsibility between the
national and local government (and its approx. 400 municipalities). The federal government
has the overall responsibility (regulation, funding, supervision, international collaboration, etc.),
whereas municipalities manage the operative implementation of public health and care ser-
vices. Besides the governmental collaboration, a cross-sectoral approach between public and
private sectors is also applied as policy decisions result from collective decision-making (to-
gether with private industries, schools, employers, sports organizations, etc.). The international
level is also relevant, especially concerning global challenges such as viruses and food safety
(Kroneman et al. 2016; Maarse et al. 2018).

Independent general practitioners (GPs) are in charge of primary health care, often working in
private group practices. GPs act as gatekeepers which means that patients have to see a
primary care provider deciding whether specialist services (e.g., cardiologists) are necessary.
Almost all hospitals are private but not for profit.

Local authorities provide care and the needs assessment while municipalities organize caring
services and help for domestic activities (European Commission 2019a). Special long-term
care administrators administer the Long-Term Care Act at the behest of the central govern-
ment. Additionally, several other organizations are involved in its implementation, such as the
Care Assessment Agency and the Central Administration Office (European Commission
2019a; Central administration Office; Ministerie van Volksgezondheid, Welzijn en Sport, 2020).

There is no national system for data exchange on ePrescription or electronic health records
(EHR). Data exchange is facilitated primarily on a regional level (European Commission,
2019). The Dutch government actively stimulated and supported the development and adop-
tion of health technology and digitalization through task forces and subsidized innovation pro-
grams, knowledge platforms, and events targeting innovators and health providers (Dutch Min-
istry of Foreign Affairs 2021).
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The Norwegian National Health System (NHS) follows a model similar to the Beveridge model.
Primarily taxes finance health and care supply for the Norwegian population provided by the
government (Lupianez-Villanueva et al. 2018).

Health & Care Provision in Norway

Norway has a universal, nationalized system. The system is semi-decentralized, resulting in
health and care provided on three levels: national, regional health authorities, and municipali-
ties. The central government is responsible for specialist care delivered via four regional health
authorities; municipalities are responsible for primary care and, increasingly, for other types of
care. The overall responsibility for public health rests with the Ministry of Health and Care
Services, while the municipalities are responsible for implementing cross-sectoral public health
interventions locally. Municipalities are responsible for providing and financing primary care,
including rehabilitation, physiotherapy and nursing, and after-hours emergency services.
Mainly self-employed physicians offer it as part of municipal service (Sperre Saunes et al.
2020).

General Practitioners act as gatekeepers meaning patients have to see a primary care provider
who decides whether treatment by a specialist is necessary (e.g., cardiologist). The Ministry
of Health and Care Services has direct responsibility for offering services by specialists. Hos-
pitals provide inpatient and outpatient specialized care (Sperre Saunes et al. 2020).

The organization and provision of long-term care are the municipalities' sole responsibility and
are often administratively integrated with other health and social services at the local level.
None of the LTC settings is reserved explicitly for the elderly. Long-term care has three types:
patients’ homes, nursing homes, or sheltered homes run by the municipalities. Except for home
care, long-term care in municipal settings requires substantial co-payments by users (Sperre
Saunes et al. 2020).

The Ministry of Health and Care Services owns the Norwegian Health Net trust, responsible
for providing a secure electronic exchange of patient information via a health communication
network between all relevant parties within the health and social services sectors. The Direc-
torate of e-Health within the ministry has the overall responsibility for digitalizing the health and
care sector. In addition, the Norwegian Directorate for eHealth is responsible for the govern-
ance of the eHealth system. In contrast, the Norwegian Health Network, covering most provid-
ers, has recently implemented significant eHealth developments (Sperre Saunes et al. 2020).
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The Polish health and care system went from a centralized system based on the Semashko
model to a decentralized system of compulsory health insurance in 1999, i.e., a Bismarck
model. However, the Polish design is still “in transition” (Kautsch et al. 2016; European Com-
mission 2019a).

Health & Care Provision in Poland

The central government is responsible for the legislation, regulation, funding, and provision of
health and social welfare (Hammerschmid et al. 2018). The governance of the health and care
system splits up between the Ministry of Health) and three levels of territorial self-government
(Sowada et al. 2019).

Public and non-public therapeutic entities and private medical practitioners provide health ser-
vices with the National Health Fund remaining the sole purchaser in the statutory health care
insurance system. Similar to other countries, general practitioners (GPs) act as_gatekeepers.
Most hospitals and ambulatory services are public and operate as independent public health
care units, and certain shortcomings of their legal form resulted in poor financial management.
The Minister of Health is the founder of specialist hospitals and medical colleges and has a
supervisory role. The territorial self-governments own most public hospitals. The type of owner
roughly corresponds to the complexity of provided services, with county hospitals providing
less complex care than provincial hospitals (European Commission 2019a; Sowada et al.
2019).

There is no explicit and separate scheme with long-term care (LTC). Instead, the provision of
LTC is fragmented and governed by several laws relating to healthcare, social care, family
benefits (nursing benefits and nursing allowance), pensions, and rehabilitation. The coverage
by formal LTC is low, and traditionally family members are in charge of LTC, i.e., informal
caregiving. Available types of legal care are cash benefits and in-kind benefits (Sowada et al.
2019; European Commission 2019a).

Centre for Health Information Systems is implementing IT solutions in the health system. In
addition, a new strategic document in eHealth is currently under development as a part of a
more comprehensive strategy of IT development in public institutions in Poland coordinated by
the Ministry of Digital Affairs (Sowada et al. 2019).
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The Portuguese National Health System (NHS) follows a model similar to the Beveridge model.
The government provides health and care coverage for the Portuguese population predomi-
nantly financed by taxes (Lupiafiez-Villanueva et al. 2018; Ministerio de Sanidad 2019; Euro-
pean Commission 2019a).

Health & Care Provision in Portugal

The central government and local governments share responsibility and have competencies
in providing health and social welfare (Hammerschmid et al. 2018). The Central Administration
of the Health System implements the decisions of the Ministry of Health under its supervision.
It coordinates, monitors, and controls NHS resource allocation and use, human resources pol-
icies, and health facilities management. In addition, this institution defines the budget allocation
across regions and areas of provision. The Ministry of Health sets the national health policy
strategy, defining public health and policy priorities, specifying the regulatory framework, de-
scribing the system organogram, and providing the overall management of the health and care
system. Five regional health authorities are responsible for implementing public health objec-
tives and purchasing primary, specialist, and hospital care for their respective catchment pop-
ulation under the framework defined by the Central Administration of the Health System.

NHS (National Health Service) supplies primary health services (including family medicine,
pre-natal and post-natal follow-up, prevention and promotion), outpatient specialist consulta-
tions, and hospital care (day-case and inpatient) directly through a network of publicly owned
facilities (European Commission 2019a). In this regard, general practitioners (GPs) act as
gatekeepers, though patients often bypass their GP by visiting emergency departments
(Simdes et al. 2017).

Public long-term care is provided through residential structures for elderly people and a long-
term care network managed and supervised by the Ministry of Labour, Solidarity and Social
Security (European Commission 2019a). The network provides post-acute health and social
assistance for dependent persons (referred by hospitals and health primary care units). Other
types of care are convalescence care, post-acute rehabilitation services, medium and long-
term care, and home care (European Commission 2019a).

Cooperating with Shared Services of the Ministry of Health, the Central Administration of the
Health System develops information systems supporting monitoring, assessment and policy
implementation. They have introduced several eHealth actions, including the individual elec-
tronic NHS card, ePrescription, eAppointments, and electronic health records (EHR; European
Commission, 2019).
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Romania applies a Bismarckian insurance model: the main feature is the right to benefits in
exchange for contributions. The health system is currently "in transition" (European Commis-
sion 2019a; Ministerio de Sanidad 2019; Lupiafiez-Villanueva et al. 2018).

Health & Care Provision in Romania

The provision is a responsibility of the central government, provincial, and regional govern-
ments. The leading central institutions in charge are the Ministry of Public Health and the Na-
tional Health Insurance House, regulating and administering mandatory health insurance, ne-
gotiating contracts with physicians, and evolving remuneration systems (Vladescu et al. 2016).

General Practitioners act as gatekeepers, though some patients still bypass it. Ambulatory
specialist care is available in specialized centers and hospital outpatient departments. District
Health Insurance Funds purchase and reimburse care for their respective population by estab-
lishing contracts with care providers. Inpatient care is provided in predominantly publicly-
owned hospitals (European Commision 2019; Hammerschmid et al. 2018).

Long-term care is fragmented and governed by healthcare, social assistance, pensions, and
rehabilitation laws causing informal caregiving. There are three types of care and community
services: temporary or permanent home care, temporary or permanent care in a residential
center, and care in daily centers (European Commission 2019a).

An electronic health record (EHR) implementation took place in 2014. To some extent, primary
care switched to telehealth/-medicine during the Covid-19 pandemic supported by general
practitioners (GPs; European Commission 2019a; Florea et al. 2021).

Please note the following non-reactive instruments for which Health & Care provision is of
great importance:

(see 115in ,
page 168 in and page 222 in )
(see page 124 in , page 177 in and page 231 in
)
(see page 128 in , page 181 in and
page Fehler! Textmarke nicht definiert. in )
o
(see page 235 in )
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Slovenia applies a Bismarckian model: the main feature is the right to benefits in exchange for
contributions. The health and care system is currently "in transition" (European Commission
2019a; Lupiafez-Villanueva et al. 2018).

Health & Care Provision in Slovenia

Slovenia has a social health insurance system operationalized as Health Insurance Institute of
Slovenia, providing universal compulsory health insurance. The central government is respon-
sible for the legislation, regulation, funding, and provision of health. It provisions tertiary and
secondary levels of the health system, whereas local governments are responsible for the
primary level (Hammerschmid et al. 2018).

Primary care is provided mainly through a network of community-level primary health care
centers owned and managed by municipalities, with general practitioners (GPs) acting as gate-
keepers. Specialist outpatient activities at the secondary care level are performed in public and
private hospitals, primary healthcare centers, private specialists, and spas. The key regulatory
role rests with the Ministry of Health, the owner of all public hospitals and national institutes,
their key manager and investor, and the granting authority of practice authorizations for spe-
cialists (Albreht et al. 2016).

There is no uniform system regarding care and long-term care (LTC). Instead, different forms
of services and benefits, classified as LTC services, are offered by different systems
(healthcare, pension, social and parental protection, etc.) and are regulated by various acts
from these areas. Long-term care and care overall is the responsibility of the Ministry of Health
and the Ministry of Labour, Family, Social Affairs and Equal Opportunities.

The national eHealth project includes different electronic solutions with a strategic goal to in-
crease the quality and efficiency of the health system, including better planning and manage-
ment of health care organizations and the health system as a whole (European Commission
2019a). The government promotes initiatives for eHealth (Albreht et al. 2016).

The national eHealth project includes different electronic solutions with a strategic goal to in-

crease the quality and efficiency of the health system (European Commission 2019a; Ham-
merschmid et al. 2018; Lupiafez-Villanueva et al. 2018; Offerman 2016).
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The Spanish National Health System (NHS) follows a model similar to the Beveridge model.
The government provides health care coverage for the Spanish population predominantly fi-
nanced by taxes (Lupiafez-Villanueva et al. 2018; Ministerio de Sanidad 2019; European
Commission 2019a).

Health & Care Provision in Spain

The Spanish system combines central, regional and local management structures. At the cen-
tral level, the Ministry of Health is responsible for the general coordination and basic health
legislation, defining basic benefits packages guaranteed by the NHS and pharmaceutical pol-
icy and medical education. On the other hand, health and care competencies are in charge of
the autonomous communities supervised, governed, and monitored nationally (Bernal-Del-
gado et al. 2018).

Primary health and care is an integrated system composed of primary health and care centers
and multidisciplinary teams providing personal and public health services in well-equipped
centers, where general practitioners (GPs) and primary health care pediatricians work. Acting
as gatekeepers, they decide about referrals to specialists and hospitals (European Commis-
sion 2019a). Secondary health services are specialized outpatient care, inpatient care, day-
case care or emergency care, depending on the patient’s condition and particular needs of-
fered at hospitals (Bernal-Delgado et al. 2018; European Commission 2018).

Care services are split up between in-kind or cash benefits. Provision works via a network of
social centers and services available in the autonomous communities, including regional public
institutions, services provided by the municipalities, national reference centers for support of
specific causes of disability, and accredited partner private centers. LTC care is provided
through the basic social services of regions and municipalities and by programs towards peo-
ple with disability benefits (European Commission 2019a; Bernal-Delgado et al. 2018).

The development and implementation of eHealth projects have involved continuous coordina-

tion between the Ministry of Health and the autonomous communities (Bernal-Delgado et al.
2018).
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Switzerland has a Bismarck health system model based on general and compulsory social
insurance (Berger 2017; Lupianez-Villanueva et al. 2018; De Pietro et al. 2015).

Health & Care Provision in Switzerland

Legislation, implementation, and supervision of public health and care services are split be-
tween the federal and cantons covered by mandatory health insurance (MHI), with subsidies
for people on low incomes. The system is highly fragmented regarding both organization and
planning and health and care provision (De Pietro et al. 2015; Angerer & Liberatore 2018).

There is no gatekeeping through general practitioners (GPs) or other primary level providers.
Ambulatory care is provided mostly by self-employed physicians offering both primary care
and specialized care. Acute care hospitals provide inpatient care and play an increasingly im-
portant role in the provision of ambulatory and daycare services (De Pietro et al., 2015;
Finkenstadt 2015).

Cantons are responsible for the organization of long-term care and rehabilitation care but may
delegate responsibility to municipalities. As long-term care is mainly organized at the cantonal
level, there are no national programs to improve quality, but at the cantonal level (De Pietro et
al. 2015; Finkenstadt 2015).

The Federal Law on Electronic Health Records promotes the usage and implementation of
eHealth. In 2007, a national eHealth strategy was implemented, coordinating respective de-
velopments (De Pietro et al. 2015).

(see 115 in ,
page 168 in and page 222 in )
(see page 124 in , page 177 in and page 231 in
)
(see page 128 in , page 181 in and
page Fehler! Textmarke nicht definiert. in )
(see page 235 in )

Financing & Reimbursement in Switzerland

In 2019, healthcare is predominantly financed through compulsory contributory health care
financing schemes (44.3 %) and government schemes (22.5 %), with an additional 25.3 %
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2. Health

In the following, the measuring instruments developed to evaluate the effects of AAL solutions
in the area of health are presented.

This implies technologies that aim to maintain or improve health. The target population com-
prises the users of these solutions. The reactive and non-reactive measuring instruments are
based on the gathering of indicators which are summarised below. In addition, it is pointed out
whether the respective indicator is to be collected reactively or non-reactively as well as the
definition of the indicator and the source(s) that were incorporated into the creation of the op-
erational definition. By clicking on “reactive” or “non-reactive” you can switch directly to the

operationalization.

Vitality and Quality of Life Goals

Maintaining, expanding, or improving skills and independent activities:
Subjectively relevant activity level (reactive): Self-performance of activities that contribute

to the well-being and are experienced as meaningful. This applies in particular to activ-
ities that contribute to maintaining or improving health and life satisfaction (based on
Orem 2001; Pratt & Ashforth 2003; Diener, Emmons, Larsen & Griffin 1985).

Cognitive and mental abilities (reactive): The person’s self-perceived abilities that relate to
perception, thinking, or cognition and serve to fulfill subjectively relevant activities
(based on Kent 2006s; Kaminski & Neisser 1994; Zimbardo 1995; Tuomi et al. 1998).

Physical abilities (reactive): Self-perceived physical abilities to perform subjectively relevant
activities (based on Kent 2006b; Martin 2015).

Maintaining or improving well-being:

Autonomy & self-determination (reactive): Autonomy is the self-determined making of deci-
sions. The following is subsumed under perceived self-determination: knowing the sub-
jective degree of freedom from (1) obstacles, (2) possibilities of action, (3) choosing
possibilities of activity, (4) acting (carrying out activities), and (5) the freedom to create
new possibilities of activity for oneself. Self-assessment of opportunities for action con-
cerns (1) overall assessment, (2) subjectively relevant activities, and (3) activities that
promote health (based on Thomasma 1984; Mittelstadt, Fairweather, McBride & Shaw
2011).

Life satisfaction (reactive): Life satisfaction refers to an internal norm that is formed in com-
parison with the social environment and one’s own ideals/goals. This concerns both the
specific health situation and one’s own life as a whole (based on Diener, Emmons,
Larsen & Griffin 1985; Frieswijk, Buunk, Steverink & Slaet 2004). An important part of
life satisfaction is self-esteem, Self-esteem is an evaluative attitude towards the self in
relation to one’s own life as a whole and based on assumptions about oneself, which
are also based on health-specific factors in the health context (based on Demo & Savin-
Williams 1992; Schitz & Sellin 2006).
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Notes on the use of questionnaires and the avoidance of process errors

The questionnaire was constructed for usage with older users whose health shall be main-
tained or improved with the help of the AAL solution. It takes about 20 minutes to answer the
full questionnaire which can be classified as adequate for the target group. The questionnaire
was constructed for written surveys (paper or digital) for independent interviewing. If the ques-
tionnaires are used in contexts where researchers or examiners are present, they should keep
their distance in order to signal to the respondents that they do not look at their answers. If
questions arise, for example, due to comprehension problems, the examiners should react
with as much reserve as possible, suggest to the test persons that there are no wrong answers
and, in case of doubt, only paraphrase the formulations. However, they should certainly not
suggest answers so as not to influence the results. The layout of the questionnaires should be
kept constant at all survey times and illustrations should be avoided. In the case of oral ques-
tioning, the answer items should be read aloud, whereby in the case of scales all answer points
should be verbalized at least once, and at least the endpoints and the number of points should
be mentioned. The possibility of answers is thereby put in front of the first question with the
explanation that the respondent should rate the following statement (for the first question: “On
a scale of one to five, where one means ‘do not agree at all’, two means ‘rather disagree’, three
means ‘neither’, four means ‘rather agree’ and five means ‘completely agree’, how would you
rate the following statements:”; and then: “On a scale of one to five, where one means ‘strongly
disagree’ and five means ‘strongly agree’, how would you rate the following statements:”). We
recommend giving preference to written survey modes. However, in any case, make sure that
the mode is not varied over different survey times.

The questionnaire captures the subjective assessment of older users of the status quo or, in
the case of retrospective questions, of the last four weeks prior to the time of the survey. It is,
therefore, suitable for a variety of research designs and allows, for example, to measure effects
over time or to make comparisons with a control group. The measurements of the fulfillment
of design and technology goals as well as the items on willingness to pay and freedom of
choice regarding service access, which are not presented in the case of (as yet) non-existent
technology usage (e.g. control group, measurement of the baseline in the case of pre-post
designs), form an exception here.
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Definition:

The consideration and evaluation of moral actions during the development and usage of prod-
ucts and services include, among other things, informed consent, a benefit-risk assessment,
and measures to minimize risk.

Source of data:
R&D performing institution/company/product developers

The developers or project teams can provide insight into the extent to which ethical guidelines
are taken into account in developing and using AAL products and services. The following def-
inition is used for the term ethics (Gabler 2019): “Ethics is the doctrine or theory of action
according to the distinction between good and evil. The subject matter of ethics is morality.
Greek ethics was empirical and normative at the same time. Today, empirical, descriptive eth-
ics is strictly distinguished from normative ethics, which formulates an ought; this ought makes
a claim to be generally binding.”

Object of measurement:

The compliance with ethical guidelines in the development and use of products and services
in the field of AAL is measured, taking into account the special needs of older people. At this
point, it should be mentioned that this is not exclusively a technology goal, but that exit strate-
gies and similar ethical considerations must also be included.

The following questions can be helpful for the assessment of compliance with ethical guide-
lines (Felnhofer et al. 2013):

e Recruitment of participants:
e Was the aim of the study explained during recruitment?
e Benefit-risk assessment:
¢ Have potential risks been identified?
e Have all steps been taken to minimize the risks?
¢ Do the benéefits justify the risks?
¢ Informed consent:
e Was informed consent (IC) given?
¢ Did the IC include the following points:
e aim of the survey
e duration and procedure of the survey
e indication of the voluntary nature of participation
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Definition:

Costs are defined as the usage or consumption of production factors valued in the form of
money (e.g. quantity of input factors or time), which arise within a certain period of time (e.g.
months or years).

Revenues denote the performance-related creation of goods and services, valued in the form
of money, as well as their utilization within a specific accounting period (based on Hoitsch &
Lingnau 2007:16; von Kanel 2008:22).

Source of data:
R&D performing institution/company/product developers and secondary data and/or official
statistic authorities

On the one hand, the primary focus of companies is on cost minimization, i.e. the prime costs
in the development and production of AAL solutions/components should be as low as possible,
and, on the other hand, it is on revenue maximization, so that company profits are developed
to the maximum.

The measurement of costs and revenues should take place at the institution/company/product
developers carrying out R&D since they bear the responsibility for the costs and are obliged to
document these due to applicable legal regulations (based on Ehrlenspiel et al. 2005:5).

If the developer of the AAL product or service does not provide the relevant information, sec-
ondary data from official statistics can be used for approximating the data needed. The data is
broken down by industry (Statistical classification of economic activities in the European Com-
munity; i.e., NACE) and/or by occupation (International Standard Classification of Occupations;
i.e.; ISCO) in the respective countries. In international comparative analyses, it is essential to
consider the respective national purchasing power standard (PPS) as well as the correspond-
ing Classification of Individual Consumption by Purpose (COICOP) in the analysis.
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Definition:

The market potential is understood as the capacity of a market and the total possible sales
volume of a market for a certain product or service. Market potential forms the upper limit for
market volume.

Source of data:
Secondary data and secondary data and/or official statistic authorities

On the one hand, AAL technologies are characterized by push factors, in particular by techno-
logical progress and the associated development of new products and services. On the other
hand, there are pull factors, above all the steady increase in the number of older people, which
characterize this market (based on AAL Association 2014:8).

Due to these determinants, there is a very wide range of application areas and thus possible
AAL solutions that attempt to increase or at least maintain the quality of life of older people.
This results in a very indeterminate market term for AAL instead of a specific term, which can
vary depending on the respective area of application of the solution and the therefore hetero-
geneous users, who differ e.g. in their health deficits. In particular, users influence the potential
sales volume of an AAL solution, which needs to be defined in more detail in the next step.

Object of measurement:
Apart from the quantity sold, the possible number of consumers of AAL products and service
solutions is one of the basic parameters for determining the market potential.

Consumers are further subdivided into primary users, i.e. people who benefit directly from AAL,
secondary users, i.e. indirect users such as formal and informal health and care service pro-
viders, and tertiary users who do not use AAL directly but are involved in some way in its
organization and financing (e.g. political decision-makers, representatives of social and/or pri-
vate insurance companies). In the following, some measured quantities are presented that are
either directly or indirectly relevant for determining the market potential.
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Avoided resource requirements are defined as cost reduction valued in the form of money.

Source of data:
Secondary data and/or official statistic authorities and/or electronic health records (EHRSs)

This indicator focuses on the utilization of healthcare as well as formal and informal care and
support services or the reduced utilization of the same as a result of the usage of AAL products
and services and the (monetary) savings potentially associated with this. This applies, among
others, to hospitals, ambulatory health care centers/health care providers (e.g. established
general practitioners, specialists), and other health care professions (e.g. physiotherapists;
based on OECD 2017:309-312).

Potential data sources are official statistics authorities (e.g., Eurostat), the Organisation for
Economic Co-operation and Development (OECD), and the World Bank. The users can also
provide an insight into the usage of health and care services via electronic health records
(EHRSs).

In the case of international comparative analyses, it is essential to take the respective national
purchasing power standard (PPS) into account in the analysis.

Object of measurement:
Changes in the utilization of health care services can take place in natural units such as
e number of hospital days, number of discharges (for hospitals),
e number of respective services (for ambulatory health care centers and health care pro-
viders),
e number of consultations and treatment cases (for mobile nurses/caregivers and other
health care professions).

The conversion of natural units into a monetary measured value is based on secondary data
that quantify the respective average cost of a unit used.

Time of measurement:

The usage of health, formal and informal care and support services should be recorded, on
the one hand, for specific time intervals (e.g. 4 weeks) and, on the other hand, at the beginning
and end of an AAL project test phase (based on OECD 2018:152).
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Brief description of the AAL solution: ® Within the AAL pilot region Smart VitAALity, an inte-
grated AAL system in the smart city setting “Health, Inclusion and Assisted Living” is evaluated
in about 100 senior households. The project aims at a needs-oriented and theory-driven tech-
nology development, multidimensional evaluation, and a derived sustainability strategy. From
a functional point of view, the system is adapted to the users and their environment, intuitively
usable, and well integrable into already existing everyday processes. The service aims at long-
term preservation of quality of life and its dimensions (health, social inclusion) as well as at a
positive influence on subjective well-being.

The Smart VitAALity system consists of various technical components that support seniors in
their everyday lives, thus increasing their quality of life. The functions can be divided into the
following three major areas:

e health management
e social inclusion and participation
¢ well-being and safety in everyday life

The technology package consists of modern communication and information technologies
such as smartwatches and tablets, sensor technology, and measuring devices for vital param-
eters (body scales, blood pressure, and blood glucose). Based on a state-of-the-art (SOTA)
analysis, the system's individual components were tested for their functional scope and se-
lected. The Smart VitAALity system is tested in 100 households in the urban triangle “Klagen-
furt - Villach — Ferlach” and evaluated by the test persons. In addition, there is a control group
without a technology package (in over 100 households) in order to be able to draw compari-
sons. The different city sizes (from 10,000 to 100,000 inhabitants) offer the study a space that
is representative of Austria’s urban landscape and at the same time enables comparisons to
be made in different urban structures.

The test persons are senior citizens aged between 60 and 85 years (or individuals with geriatric
diseases from 55 years) who live independently with the need for support in a household (up
to care level 4).

All 100 test households are equipped with a homogeneous system. This means that each test
person receives identical hardware and software components for the pilot phase. In addition
to personal training, technical support is provided via a support hotline, and meetings are held
regionally to exchange information and accompany the test phase.

3 Oberzaucher, J. (2017); Smart VitAALity pilot region;
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3. Care

In the following, the measuring instruments developed to evaluate the effects of AAL solutions
in the area of care are presented.

This implies technologies that aim at maintaining or improving the quality of life of people in
care. The target population comprises the users of these solutions. The reactive and non-
reactive measuring instruments are based on the gathering of indicators which are summa-
rised below. In addition, it is pointed out whether the respective indicator is to be collected
reactively or non-reactively as well as the definition of the indicator and the source(s) that were
incorporated into the creation of the operational definition. By clicking on “reactive” or “non-

reactive” you can switch directly to the operationalization.

Vitality and Quality of Life Goals

Maintaining, expanding, or improving skills and independent activities:

Subjectively relevant activity level (reactive): Self-performance of activities that contribute
to the well-being and are experienced as meaningful. This applies in particular to activ-
ities that contribute to maintaining or improving health and life satisfaction (based on
Orem 2001; Pratt & Ashforth 2003; Diener, Emmons, Larsen & Giriffin 1985).

Cognitive and mental abilities (reactive): The person’s self-perceived abilities that relate to
perception, thinking, or cognition and serve to fulfill subjectively relevant activities
(based on Kent 2006s; Kaminski & Neisser 1994; Zimbardo 1995; Tuomi et al. 1998).

Physical abilities (reactive): Self-perceived physical abilities to perform subjectively relevant
activities (based on Kent 2006b; Martin 2015).

Maintaining or improving well-being:

Autonomy & self-determination (reactive): Autonomy is the self-determined making of deci-
sions. The following is subsumed under perceived self-determination: knowing the sub-
jective degree of freedom from (1) obstacles, (2) possibilities of action, (3) choosing
possibilities of activity, (4) acting (carrying out activities), and (5) the freedom to create
new possibilities of activity for oneself. Self-assessment of opportunities for action con-
cerns (1) overall assessment, (2) subjectively relevant activities, and (3) activities that
promote health (based on Thomasma 1984; Mittelstadt, Fairweather, McBride, & Shaw
2011).

Age(ing)-related self-image (reactive): The age(ing)-related self-image is an evaluative as-
sessment based on proactive analysis of oneself and interaction partners about oneself
and one’s own age (own development).

Maintaining or improving health:

Life & health satisfaction (reactive): Life satisfaction refers to an internal norm that is formed
in comparison with the social environment and one’s own ideals/goals. This concerns
both the specific health situation and one’s own life as a whole (based on Diener, Em-
mons, Larsen & Griffin 1985; Frieswijk, Buunk, Steverink & Slaet 2004). Health is de-
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Active/Passive usage ( ): Active usage is defined as usage during which users
consciously interact with a system (voluntary and controlled input or output). Passive
usage is defined as usage during which users do not consciously interact with the sys-
tem even though it is active (own development).

Privacy from user perspective ( ): Privacy from the user’s perspective concerns the
individual perception of the extent of control over data that the user considers to be
personal data. This relates to risk assessments of unauthorized access, unauthorized
re-use, concerns that protection against intentional and accidental errors is inadequate,
and the extent of data collection (based on Smith, Milberg & Burke 1996; Clarke 1999;
Ackerman & Mainwaring 2005; Bélanger & Crossler 2014).

Error data ( ): An error is an unexpected system status that results in the inability
to perform an intended function. An error can be software-related or hardware-related
(based on Butterfield & Ngondi 2016a; Butterfield & Ngondi 2016b).

Notes on the use of questionnaires and the avoidance of process errors

The questionnaire was constructed for usage with older users whose health shall be main-
tained or improved with the help of the AAL solution. It takes about 20 minutes to answer the
full questionnaire which can be classified as adequate for the target group. The questionnaire
was constructed for written surveys (paper or digital) for independent interviewing. If the ques-
tionnaires are used in contexts where researchers or examiners are present, they should keep
their distance in order to signal to the respondents that they do not look at their answers. If
questions arise, for example, due to comprehension problems, the examiners should react
with as much reserve as possible, suggest to the test persons that there are no wrong answers
and, in case of doubt, only paraphrase the formulations. However, they should certainly not
suggest answers so as not to influence the results. The layout of the questionnaires should be
kept constant at all survey times and illustrations should be avoided. In the case of oral ques-
tioning, the answer items should be read aloud, whereby in the case of scales all answer points
should be verbalized at least once, and at least the endpoints and the number of points should
be mentioned. The possibility of answers is thereby put in front of the first question with the
explanation that the respondent should rate the following statement (for the first question: “On
a scale of one to five, where one means ‘do not agree at all’, two means ‘rather disagree’, three
means ‘neither’, four means ‘rather agree’ and five means ‘completely agree’, how would you
rate the following statements:”; and then: “On a scale of one to five, where one means ‘strongly
disagree’ and five means ‘strongly agree’, how would you rate the following statements:”). We
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Definition:

The consideration and evaluation of moral actions during the development and usage of prod-
ucts and services include, among other things, informed consent, a benefit-risk assessment,
and measures to minimize risk.

Source of data:
R&D performing institution/company/product developers

The developers or project teams can provide insight into the extent to which ethical guidelines
are taken into account in developing and using AAL products and services. The following def-
inition is used for the term ethics (Gabler 2019): “Ethics is the doctrine or theory of action
according to the distinction between good and evil. The subject matter of ethics is morality.
Greek ethics was empirical and normative at the same time. Today, empirical, descriptive eth-
ics is strictly distinguished from normative ethics, which formulates an ought; this ought makes
a claim to be generally binding.”

Object of measurement:

The compliance with ethical guidelines in the development and use of products and services
in the field of AAL is measured, taking into account the special needs of older people. At this
point, it should be mentioned that this is not exclusively a technology goal, but that exit strate-
gies and similar ethical considerations must also be included.

The following questions can be helpful for the assessment of compliance with ethical guide-
lines (Felnhofer et al. 2013):

¢ Recruitment of participants:
o Was the aim of the study explained during recruitment?
o Benefit-risk assessment:
¢ Have potential risks been identified?
e Have all steps been taken to minimize the risks?
e Do the benefits justify the risks?
¢ Informed consent:
e Was informed consent (IC) given?
e Did the IC include the following points:
e aim of the survey
e duration and procedure of the survey
¢ indication of the voluntary nature of participation
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Definition:

Active usage is when users consciously interact with a system (voluntary and controlled input
or output). Passive usage is defined as when the system is active but the users do not con-
sciously interact with it.

Source of data:
Users or software

The respective developed software serves as the data source. Within the framework of the
development of the AAL solution, care must be taken to ensure that this solution's active and
passive usage can be recorded by the software.

Object of measurement:

During project planning, the research team must determine what is understood as active usage
or passive usage in the concrete case of application. Active usage is, for example, when users
actively use the tablet to chat, play games or look at their health data. An example of passive
usage is the pedometer, which is integrated into the smartwatch and runs in the background.

Time of measurement:
Data on usage should be collected continuously so that changes over time can be accurately
represented. If possible, researchers should collect data over the entire project period.

Measurement mode:
How data can be retrieved depends on the respective project structure and software. Usually,
the recorded activity data are stored in databases, which can then be readout.

Further notes:

Data on active/passive usage allows concluding the usage behavior of participants. Davis et
al. (1989) have shown with the technology acceptance model that using technology is centrally
dependent on two variables: perceived usefulness and perceived ease-of-use. The usage be-
havior subsequently influences whether and which effects the technical system has on every-
day life and the subjective quality of life of the target group (Kada et al. 2017:23).
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Definition:

Error data is divided up into two groups: subjective and objective errors. A subjective error
occurs in the case of an unsuccessful attempt to perform a task, regardless of where the cause
is subjectively located (software, hardware, user). An objective error or unexpected system
status occurs when an intended function cannot be carried out. Such an error can be software-
related or hardware-related.

Source of data:
Logfile of the developed software/survey among users in a laboratory setting through usability
test/evaluation of helpdesk data

In the first step, the research team has to identify the unexpected behavior (the error) in the
log file or database or observe it in a laboratory setting. In the next step, researchers can
evaluate the data/observations and subsequently analyze this information.

Object of measurement:

The number and extent of subjective and objective errors are measured. What exactly consti-
tutes an error must be determined individually by the research team for each project. The errors
can be divided into subjective errors triggered by the user, e.g. by clicking incorrectly in the
software, incorrect configuration of wearables, etc., and objective errors, e.g. no GPS reception
on the smartwatch. Furthermore, the project team can categorize the different errors, e.g. se-
verity of the error, system aspects affected, reproducibility, error triggered by software, hard-
ware, or user.

Time of measurement:

Typically, error data are recorded continuously and changes can be accurately represented
over a period of time. If possible, researchers should collect, evaluate and analyze the entire
measurement period.

Measurement mode:

How data are measured must be adapted individually. The techniques of data validation
(checking the entered or recorded data for completeness and usefulness) & pattern recognition
(automatic recognition of patterns, regularities, repetitions, or laws) can support this process
(ONORM 2011:5ff).

In the case of subjective error data, e.g. collected through the number of calls to the helpdesk,
these can be analyzed according to the type, extent, and duration of the error. The procedure
could look like this, for example: First, a process is defined. Afterward, an initial check takes
place in the laboratory setting to see whether the test persons adhere to the process as
planned (similarity to users is important). Parallel to this, an evaluation is carried out by experts,
and any errors are corrected. Finally, the product/service can be rolled out. Also during the
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Definition:

Costs are defined as the usage or consumption of production factors valued in the form of
money (e.g. quantity of input factors or time), which arise within a certain period of time (e.g.
months or years).

Revenues denote the performance-related creation of goods and services, valued in the form
of money, as well as their utilization within a specific accounting period (based on Hoitsch &
Lingnau 2007:16; von Kanel 2008:22).

Source of data:
R&D performing institution/company/product developers and secondary data and/or official
statistic authorities

On the one hand, the primary focus of companies is on cost minimization, i.e. the prime costs
in the development and production of AAL solutions/components should be as low as possible,
and, on the other hand, it is on revenue maximization, so that company profits are developed
to the maximum.

The measurement of costs and revenues should take place at the institution/company/product
developers carrying out R&D since they bear the responsibility for the costs and are obliged to
document these due to applicable legal regulations (based on Ehrlenspiel et al. 2005:5).

If the developer of the AAL product or service does not provide the relevant information, sec-
ondary data from official statistics can be used for approximating the data needed. The data is
broken down by industry (Statistical classification of economic activities in the European Com-
munity; i.e., NACE) and/or by occupation (International Standard Classification of Occupations;
i.e.; ISCO) in the respective countries. In international comparative analyses, it is essential to
consider the respective national purchasing power standard (PPS) as well as the correspond-
ing Classification of Individual Consumption by Purpose (COICOP) in the analysis.
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Definition:

Market potential is understood as the capacity of a market and the total possible sales volume
of a market for a certain product or service. Market potential forms the upper limit for market
volume.

Source of data:
Secondary data and secondary data and/or official statistic authorities

On the one hand, AAL technologies are characterized by push factors, in particular by techno-
logical progress and the associated development of new products and services. On the other
hand, there are pull factors, above all the steady increase in the number of older people, which
characterize this market (based on AAL Association 2014:8).

Due to these determinants, there is a very wide range of application areas and thus possible
AAL solutions that attempt to increase or at least maintain the quality of life of older people.
This results in a very indeterminate market term for AAL instead of a specific term, which can
vary depending on the respective area of application of the solution and the therefore hetero-
geneous users, who differ e.g. in their health deficits. In particular, users influence the potential
sales volume of an AAL solution, which needs to be defined in more detail in the next step.

Object of measurement:
Apart from the quantity sold, the possible number of consumers of AAL products and service
solutions is one of the basic parameters for determining the market potential.

Consumers are further subdivided into primary users, i.e. people who benefit directly from AAL,
secondary users, i.e. indirect users such as formal and informal health and care service pro-
viders, and tertiary users who do not use AAL directly but are involved in some way in its
organization and financing (e.g. political decision-makers, representatives of social and/or pri-
vate insurance companies). In the following, some measured quantities are presented that are
either directly or indirectly relevant for determining the market potential.
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Avoided resource requirements are defined as cost reduction valued in the form of money

Source of data:
Secondary data and/or official statistic authorities and/or electronic health records (EHRS)

This indicator focuses on the use of formal and informal care and support services or the re-
duced use of these as a result of the use of AAL products and services and the (monetary)
savings potentially associated with this. This applies, among others, to care and permanent
care facilities, mobile caregivers and other health care professions (based on OECD,
2017:309-312).

Potential data sources are official statistics authorities (e.g., Eurostat), the Organisation for
Economic Co-operation and Development (OECD), and the World Bank. The users can also
provide an insight into the usage of health and care services via electronic health records
(EHRS).

In the case of international comparative analyses, it is essential to take the respective national
purchasing power standard (PPS) into account in the analysis.

Object of measurement:
Changes in the utilization of informal and formal care services can be expressed in natural
units such as

e number of days of care, number of discharges (for permanent care facilities

e number of consultations and treatment cases (for mobile nurses/caregivers and other
health professionals),

¢ time spent in hours (for informal caregivers and attendants).

The conversion of natural units into a monetary measured value is based on secondary data
that quantify the respective average cost of a unit used.

Time of measurement:

The usage of formal and informal care and support services should be recorded, on the one
hand, for specific time intervals (e.g. 4 weeks) and, on the other hand, at the beginning and
end of an AAL project test phase (based on OECD 2018:152).
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Brief description of the AAL solution:* Due to demographic change, the need for 24-hour
care is increasing in addition to the need for professional and institutional care. 24-hour care
is a cornerstone of care of the elderly due to its cost efficiency and a large amount of time it
takes to provide care. With over 60,000 users in Austria, it is an important alternative to family
care and mobile care. The individuals receiving care range from elderly people who only need
support with household-related activities to people with high care needs for round-the-clock
care. Personal caregivers often commute between Austria and their respective home countries
(mainly Slovakia, Hungary, and Romania) for the care work at a time interval of two or more
weeks. Stressful working conditions arise mainly due to language problems, isolated living
together with a person suffering from dementia, for example, in combination with little or no
specialist training and quality control.

The aim of the project is to develop and evaluate a distributed software solution for the support
and quality assurance of 24-hour care. This will be developed as a cross-platform application
software by means of a systematic survey of the needs of caregivers, families concerned,
particularly people cared for, placement agencies, and professional health and nursing staff.
The application software contains:

1. information and further education portal (eLearning) with interactive learning elements
on common clinical pictures and short videos on recurring care situations in German
as well as in Slovakian, Hungarian, and Romanian as the most common languages of
caregivers.

2. comprehensive electronic care documentation, which supports quality assurance and
ensures transparency between those involved.

3. integrated emergency management that enables caregivers to respond quickly and
professionally to occurring emergency situations.

4. links to translation sites or networking opportunities with (family) members and other
tools for everyday care life.

The application software is intended to reach caregivers in a low-threshold way in order to
improve the quality of care and thus the quality of life of those affected. Through the large-
scale longitudinal evaluation design, involving more than 100 test households of 24-hour care
for a period of twelve months, the effectiveness is recorded multidimensionally. The central
result at the end of the project will be a market-oriented, validated software solution that sup-
ports a high-quality, secure and stable care situation. Particularly the individuals cared for but
also their relatives and placement agencies, which are supported in achieving successful care
arrangements, benefit from qualification measures of caregivers. This also corresponds to the
goals of the current government program.

4 Werner, F. (2019), 24h QuAALity — brief description; https://projekte.ffg.at/projekt/3076586
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Definition:

Costs are defined as the usage or consumption of production factors valued in the form of
money (e.g. quantity of input factors or time), which arise within a certain period of time (e.g.
months or years).

Revenues denote the performance-related creation of goods and services, valued in the form
of money, as well as their utilization within a specific accounting period (based on Hoitsch &
Lingnau, 2007:16; von Kanel 2008:22).

Source of data:
R&D performing institution/company/product developers and secondary data and/or official
statistic authorities

On the one hand, the primary focus of companies is on cost minimization, i.e. the prime costs
in the development and production of AAL solutions/components should be as low as possible,
and, on the other hand, it is on revenue maximization, so that company profits are developed
to the maximum.

The measurement of costs and revenues should take place at the institution/company/product
developers carrying out R&D since they bear the responsibility for the costs and are obliged to
document these due to applicable legal regulations (based on Ehrlenspiel et al. 2005:5).

If the developer of the AAL product or service does not provide the relevant information, sec-
ondary data from official statistics can be used for approximating the data needed. The data is
broken down by industry (Statistical classification of economic activities in the European Com-
munity; i.e., NACE) and/or by occupation (International Standard Classification of Occupations;
i.e.; ISCO) in the respective countries. In international comparative analyses, it is essential to
consider the respective national purchasing power standard (PPS) as well as the correspond-
ing Classification of Individual Consumption by Purpose (COICOP) in the analysis.
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Definition:

Market potential is understood as the capacity of a market and the total possible sales volume
of a market for a certain product or service. Market potential forms the upper limit for market
volume.

Source of data:
Secondary data and secondary data and/or official statistic authorities

On the one hand, AAL technologies are characterized by push factors, in particular by techno-
logical progress and the associated development of new products and services. On the other
hand, there are pull factors, above all the steady increase in the number of older people, which
characterize this market (based on AAL Association 2014:8).

Due to these determinants, there is a very wide range of application areas and thus possible
AAL solutions that attempt to increase or at least maintain the quality of life of older people.
This results in a very indeterminate market term for AAL instead of a specific term, which can
vary depending on the respective area of application of the solution and the therefore hetero-
geneous users, who differ e.g. in their health deficits. In particular, users influence the potential
sales volume of an AAL solution, which needs to be defined in more detail in the next step.

Object of measurement:
Apart from the quantity sold, the possible number of consumers of AAL products and service
solutions is one of the basic parameters for determining the market potential.

Consumers are further subdivided into primary users, i.e. people who benefit directly from AAL,
secondary users, i.e. indirect users such as formal and informal health and care service pro-
viders, and tertiary users who do not use AAL directly but are involved in some way in its
organization and financing (e.g. political decision-makers, representatives of social and/or pri-
vate insurance companies). In the following, some measured quantities are presented that are
either directly or indirectly relevant for determining the market potential.
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Databases and cross-references to country-specific information:

European Union and EFTA

o Database - Population and demography. (n.d.). Eurostat (see here: Population and

demography)
o Database - Population projections. (n.d.). Eurostat (see here: Population projections)

e Database - Labour Market (incl. LFS). (n.d.). Eurostat (see here: Earnings)

o Database - Digital economy and society. (n.d.). Eurostat. (see here: Digital economy
and society)

o Database — Structural business statistics. (n.d.). Eurostat. (see here: Structural busi-
ness statistics)

o Database — Science and technology. (n.d.). Eurostat. (see here: Science, technology
and innovation)

Austria (for country-specific information see page 42)
Belgium (for country-specific information see page 45)
Cyprus (for country-specific information see page 48)
Hungary (for country-specific information see page 50)
Italy (for country-specific information see page 53)
Luxembourg (for country-specific information see page 56)
Netherlands (for country-specific information see page 59)
Norway (for country-specific information see page 62)
Poland (for country-specific information see page 65)
Portugal (for country-specific information see page 68)
Romania (for country-specific information see page 71)
Slovenia (for country-specific information see page 74)
Spain (for country-specific information see page 77)

Switzerland (for country-specific information see page 80)
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Definition:
Quantification and economic evaluation of increased labor market participation or voluntary
activity due to an AAL product or service (own development).

Source of data:
Statistical offices, voluntary organizations, volunteer agencies/exchanges, and reactive sur-
veys among employees and volunteer helpers.

Non-independent workers or employees most essentially receive remuneration in return for
the time needed to fulfill their duties. However, volunteering and voluntary commitment are
considered a donation of time and are therefore unpaid (based on Klie et al. 2009:59).

Object of measurement:

The extent of employment (in hours) is recorded within the framework of the reactive data
collection. For the determination of the economic potential from increased labor market partic-
ipation existing and legally binding records on personnel expenses can be used.

The extent of voluntary work (in hours) is recorded within the framework of the reactive data
collection and its economic potential is multiplied by available minimum hourly rates. This pro-
cedure leads to a systematic monetary underestimation of voluntary work because it can be
assumed that volunteers also perform activities that could be paid at a higher rate.

Time of measurement:

Both the paid and unpaid workload should be recorded for certain time intervals (e.g. 4 weeks)
and at the beginning and end of an AAL project test phase and then contrasted with the com-
parative results of a control group.

Measurement mode:

Data collection can be done through different modes, e.g., a paper or online questionnaire,
telephone, or personal interviews with AAL users. If accessible, data could also be obtained
from administrative sources (based on OECD 2018:218).

Further notes:

Regarding net monthly income (incl. pro rata holiday pay and Christmas bonus), the median
value per employee should be used depending on socio-economic characteristics (e.g. age,
highest completed school education, full-time/part-time, professional position, etc.) the respec-
tive field of activity. The median proves to be much more robust against outliers than the aver-
age (arithmetic mean).
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